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Abstract

AIM: The purpose of this study is to find a better
operative technique by comparing interrupted stitches
with continuous stitches for the outer layer of the
pancreaticojejunostomy, i.e., the stitches between the
stump parenchyma of the pancreas and the jejunal
seromuscular layer, and other risk factors for the
incidence of pancreatic leakage.

METHODS: During the period January 1997 to October
2004, 133 patients have undergone the end-to-side and
duct-to-mucosa pancreaticojejunostomy reconstruction
after pancreaticoduodenectomy with interrupted suture
for outer layer of the pancreaticojejunostomy and 170
patients with a continuous suture at our institution by
one surgeon.

RESULTS: There were no significant differences
between the two groups in the diagnosis, texture of
the pancreas, use of octreotide and pathologic stage.
Pancreatic fistula occurred in 14 patients (11%) among
the interrupted suture cases and in 10 (6%) among the
continuous suture cases (P = 0.102). Major pancreatic
leakage developed in three interrupted suture patients
(2%) and zero continuous suture patients (P = 0.026).
In multivariate analysis, soft pancreatic consistency
(odds ratio, 5.5; 95% confidence interval 2.3-13.1) and
common bile duct cancer (odds ratio, 3.7; 95% CI 1.6-8.5)
were predictive of pancreatic leakage.

CONCLUSION: Pancreatic texture and pathology are
the most important factors in determining the fate of
pancreaticojejunal anastomosis and our continuous suture
method was performed with significantly decreased
occurrence of major pancreatic fistula. In conclusion, the
continuous suture method is more feasible and safer in
performing duct-to-mucosa pancreaticojejunostomy.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Despite improvement of the operative technique,
materials and instruments, pancreatic fistula after
pancreaticoduodenctomy is the most common and
serious complication. Recent large series have reported
that the failure rate of the pancreaticoenteric anastomosis
is 9%-18%""", a complication rate not far improved
from Dr. Whipple's report of a 19.5% fistula rate more
than 50 years agom. A number of methods for reducing
the incidence of pancreatic fistula have been proposed
and tested. Many of these involve technical aspects of
the anastomosis, including the site of reconstruction
(pancreaticogastrostomy versus pancreaticojejunosto-
my)"™”, the anastomotic technique (duct-to-mucosa
anastomosis versus stump invagination)[m’m, the use
of biologic adhesive”" and the use of intraoperative
transanastomotic stents!' . In addition, in order to
determine how to prevent pancreatic fistula, the risk
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factors for pancreatic fistula have been extensively studied.
They include the patient's comorbid illness", age!"”, texture
of the pancreas'”, pancreatic duct size!"”, intraoperative
blood loss""” and the surgeon's experience!™.

The present study tested the hypothesis that
using continuous stitches for the outer layer of the
panceaticojejunostomy (i.e., the stitches between the stump
parenchyma of the pancreas and the jejunal seromuscular
layer) is a better operative technique than using interrupted
stitches in terms of safety and efficiency.

MATERIALS AND METHODS

During the period from January 1997 to October 2004, 133
patients underwent duct-to-mucosa pancreaticojejunostomy
reconstruction after pancreaticoduodenectomy with the
interrupted suture method for the outer layer of the
pancreaticojejunostomy and 170 patients underwent the
procedure with the continuous suture method at our
institution. From 1997 to 2000, the interrupted suture
method was performed, and from 2001 to 2004, the
continuous suture method was performed. The operations
were performed by one surgeon who had experienced
more than 500 cases of pancreaticoduodenectomy before
this study.

We retrospectively reviewed the medical records
of the patients who underwent duct-to-mucosa
pancreaticojejunostomy after pancreaticoduodenectomy
noting parameters such as the existence of pancreatic
fistula, age, sex, preoperative symptoms, preoperative
laboratory tests results, amount of intraoperative bleeding,
and postoperative octreotide usage. Postoperative
octreotide was given subcutaneously (dose 100 mg every 8
hours) for the patients considered high risk for pancreatic
fistula based on gland texture and duct size.

Pancreaticoduodenectomy was performed with
conventional pancreaticoduodenectomy or pylorus-
preserving pancreaticoduodenectomy (PPPD).
Anastomosis for the remnant pancreas was performed
between the pancreas and jejunum by a two layer
pancreaticojejunostomy. The outer layer consisted of the
remnant pancreatic parenchyma and the seromuscular layer
of jejunum and interrupted suture or continuous suture
between these two was performed with 5-0 polypropylene
(Prolene*, Ethicon, Somerville, NJ). The inner layer
consisted of the pancreatic duct and mucosa of the
jejunum, and interrupted suture for duct-to-mucosa was
performed with 5-0 polydioxanone (PDSTM [, Ethicon,
Somerville, NJ). A silastic polyethylene tube was inserted
into the pancreatic duct as a stent for all patients, and
external drainage was done (Figure 1).

Two or three drains were routinely placed anterior
and postetior to the pancreatico-jejunal anastomosis and
exteriorized through the lateral abdominal wall.

A pancreatic fistula was defined as the drainage of
more than 30 mL of fluid with an amylase level higher
than 600 U/dL on or after postoperative week 1", Also,
three grades of fistula severity (A, B, C) were classified
according to the International Study Group for Pancreatic
Fistulas (ISGPF) clinical criteria” as follows: Grade A
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Figure 1 Continuous suture method for the outer layer of pancreaticojejunostomy.
A: The posterior outer layer consisted of the remnant pancreatic parenchyma
and the seromuscular layer of jejunum and continuous suture between these
two was performed with 5-0 polypropylene (Prolene*, Ethicon, Somerville, NJ);
B: The posterior inner layer consisted of the pancreatic duct and mucosa of
the jejunum, and interrupted suture for duct-to-mucosa was performed with 5-0
polydioxanone (PDSTMII, Ethicon, Somerville, NJ); C: A silastic polyethylene
tube was inserted into the pancreatic duct and external drainage was done; D: For
anterior inner layer consisted of the pancreatic duct and mucosa of the jejunum,
interrupted suture was performed; E: Continuous suture for anterior outer layer
was performed.

fistulas are transient, asymptomatic fistulas, with only
elevated drain amylase levels and treatments or deviation
in clinical management are not required. Grade B fistulas
are symptomatic, clinically apparent fistulas that require
diagnostic evaluation and therapeutic management.
Grade C fistulas are severe, clinically significant fistulas
that require major deviations in clinical management and
aggressive therapeutic interventions are unquestionably
warranted. Major pancreatic leakage was defined as
the drainage of more than 200 mL of fluid or the
development of an intra-abdominal abscess.

Pancreatic fistulas, according to the operative methods
and clinicopathologic factors causing pancreatic fistula,
were analyzed.
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Interrupted suture  Continuous suture P value
group (7 = 133)  group (7 = 170)

Age (yr) 582+12.4 60.4+10.9 0.072
Male:Female 1.8:1 1.5:1 0.484
Pancreas texture 0.893

Hard 35 (26) 52 (31)

Firm 86 (65) 76 (45)

Soft 12 (9) 42 (24)
Use of prophylactic 83 (62) 122 (72) 0.072
octreotide
Jaundice 59 (44) 69 (41) 0.643
Diabetes mellitus 21 (16) 33 (19) 0.544
Diagnosis 0.433

Ampulla of vater 35 (26) 45 (26)

cancer

Common bile duct 38 (29) 46 (27)

cancer

Pancreatic cancer 34 (25) 57 (34)

Duodenal cancer 6 (5) 6 (4)

Etc. 20 (15) 16 (9)

Etc.: Ampulla of Vater adenoma, choledochal cyst, chronic pancreatitis,
duodenal GIST, gallbladder cancer, intraductal papillary mucinous tumor,
islet cell tumor of pancreas, peripancreatic neurilemmoma, pseudocyst,
serous cystic adenoma.

Data comparisons between the two groups were made
using the XZ test for qualitative parameters, a Student's
+test for quantitative parameters and logistic regression
n for determining the effect of multiple risk factors on
pancreatic leakage. A value of P < 0.05 was accepted as
significant.

RESULTS

There were no significant differences in mean age, sex,
prophylactic use of octreotide, pancreas texture, stage, and
indication for pancreaticoduodenectomy between the two
groups (Table 1).

Although there was no significant difference in the mean
total operation time between the interrupted suture and
continuous sutute groups, there was a statistically significant
difference in the mean operation time of the outer layer
anastomosis of pancreaticojejunostomy. The mean operation
time of the interrupted suture method for the outer layer
anastomosis of pancreaticojejunostomy was 35.4 + 4.8
minutes, and the mean operation time of the continuous
suture method was 29.1 + 3.9 min (P < 0.001).

Pancreatic fistula occurred in 14 patients (11%) of the
133 patients who underwent interrupted suture for the
outer layer and in 10 patients (6%) of the 170 patients who
underwent continuous suture (P = 0.102). There were 5
grade A fistulas, 6 grade B fistulas, and 3 grade C fistulas in
the interrupted suture group. There were 4 grade A fistulas,
5 grade B fistulas, and no grade C fistula in the continuous
suture group. There was no significant difference between
the two groups (P = 0.085). Major pancreatic leakage
occurred in three patients (2%) in the interrupted suture
group and zero patients in the continuous suture group (P
= 0.026). For one patient of the interrupted suture group

Number of patients

Interrupted suture Continuous suture P value
group (n = 133) group (n = 170)

Pancreatic fistula 14 (10.5) 10 (5.9) 0.102
ISGPF grade 0.085
Grade A 5(3.8) 4(24)
Grade B 6 (4.5) 6 (3.5)
Grade C 3(23) 0
Major pancreatic fistula 3 (2.3) 0 0.026
Disruption 1(0.8) 0
Daily drainage >200cc 0 0
Intra-abdominal abscess 2 (1.5) 0
Pseudoaneurysm 0 2 0.128
Reoperation for 1(0.8) 0 0.199
pancreatic fistula
Hospital mortality 0 0

who experienced pancreaticojejunal anastomotic rupture,
externalization of the pancreatic duct was performed
at the 10" postoperative day. For the other two patients
of the interrupted suture group with major pancreatic
leakage, percutaneous drainage was added.

Two patients of the continuous suture group with
distal common bile duct (CBD) cancer developed
pseudoaneurysm with preceding pancreatic fistula. They
were successfully managed by radiologic intervention.
There was no postoperative hospital mortality in the two
groups (Table 2).

Of the total of 303 patients, 24 patients (8%)
developed postoperative pancreatic fistula. There were no
significant differences in age, sex, preoperative bilirubin
and albumin levels, operation methods, amount of
intraoperative bleeding, total operation time, postoperative
prophylactic octreotide usage, and stage between the
pancreatic fistula group and the non-pancreatic fistula
group. There was a significant difference in pathologic
features between the pancreatic fistula group and the non-
pancreatic fistula group (P = 0.039). When the pathologic
features were divided into CBD cancer and non-CBD
cancer, there was a significant difference (P = 0.004). The
consistency of the remnant pancreas correlates strongly
with subsequent postoperative fistula rates. In the non-
pancreatic fistula group, 43 (15%) were classified as soft
and 85 as hard. In the pancreatic fistula group, 11 (46%)
were classified as soft and 2 as hard (P < 0.001) (Table 3).
In multivariate analysis, soft panctreatic consistency (odds
ratio, 5.5; 95% confidence interval 2.3-13.1) and CBD
cancer (odds ratio, 3.7; 95% confidence interval 1.6-8.5)
were predictive of pancreatic leakage.

DISCUSSION

Recently, pancreaticoduodenectomy has become
popularized as the standard treatment for vatious benign
and malignant diseases of the periampullary region,
including the pancreas head. Although the mortality
rate has markedly decreased, the incidence of pancreatic
fistula, the most catastrophic complication, remains high
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Pancreatic fistula (+) P value
n = 24)
Age (yr) 623 +10.2 0.565
Male:Female 2:1 0.582
Preoperative disease
Diabetes mellitus 4(7%,4/54) 0.959
Laboratory findings
Hypoalbuminemia (3 < g/dL) 3(9%,3/33) 0.729
Hyperbilirubinemia (> 2 mg/dL) 14 (7%, 14/195) 0.665
Pathologic feature 0.039
Ampulla of Vater cancer 4 (5%,4/80)
Common bile duct cancer 13 (16%, 13/84)
Pancreatic cancer 4(4%,4/91)
Duodenal cancer 0(0%,0/12)
Others 3 (8%, 3/36)
Type of resection 0.097
PPPD 22 (10%, 22/218)
Whipple's op. 2(2%,2/85)
Outer layer suture method 0.102
Interrupted 14 (11%, 14/133)
Continuous 10 (6%, 10/170)
Pancreas consistency <0.001
Hard 2 (2%,2/87)
Firm 11 (7%, 11/162)
Soft 11 (20%, 11/54)
Total operative time (min) 383 +52 0.515
Estimated blood loss (mL) 564 + 220 0.831
Use of prophylactic Octreotide 14 (7%, 14/205) 0.317
Lymph node metastasis 0.351
Yes 17 (9%, 17/197)
No 7 (7%, 7/106)
Positive resection margin 0.105
Yes 1 (4%,1/26)
No 23 (8%, 23/277)

after pancreaticoduodenectomy. After the first successful
pancreaticoduodenectomy was performed by the German
surgeon Kausch in 1912 the risk factors for pancreatic
anastomotic leakage and methods aimed at prevention
of pancreatic anastomotic leakage have been extensively
studied.

Several factors related to pancreatic anastomotic
leakage have been described in the literature. They can
be conveniently divided into disease factors (pancreatic
texture!, pancreatic pathologym, pancreatic duct size!"",
pancreatic juice output™), procedure-related factors
(intraoperative blood loss'”, operative techniques'”) and
patient factors (age“sj, sex' comorbid illness'™, jaundjcelsj).
Still, it is very difficult to predict the relationship of the
risk factors and pancreatic fistula, and many studies have
revealed heterogeneous results. In our study, two risk
factors, common bile duct cancer and soft pancreatic
texture were correlated with increased incidence of
pancreatic fistula. The relative proportion of bile duct
and ampulla of Vater cancers is much larger in Korea
than in Western countries. The reason is not clear. The
high incidence of hepatolithiasis, choledocholithiasis,
choledochal cyst, and clonorchiasis in Korea is a possible
explanation, at least in a proportion of cases. Unlike in
the Johns Hopkins series” the leakage rate was lower
in cases of ampulla of Vater cancer (5%, 4/80) than
in others (9%, 20/223). Patients with ampulla of Vater
cancer are diagnosed eatly, and their general condition is

www.wjgnet.com

relatively good. More importantly, most of the patients
have a dilated pancreatic duct and a firm pancreas, which
facilitates the anastomosis and its healing. On the other
hand, most of the patients with common bile duct cancer
have a non-dilated pancreatic duct and a soft pancreas.
The increased fistula rates with soft pancreatic texture
may be interpreted by three explanations. First, most soft
pancreases have no pancreatic duct dilatation, which makes
secure duct-to-mucosa anastomosis difficult””". Second, a
soft pancreas is more easily injured directly or ziz ischemia
by stitches placed between the pancreas parenchyma and
the seromuscular layer of the jejunum[zm. Third, a soft
pancreas has a good exocrine function, secteting more
pancreatic juices rich in proteolytic enzymeslzu’zzj.

Prophylactic use of octreotide is expected theoretically
to reduce the incidence rate of the pancreatic fistula
through decreasing pancreatic juice secretion. However,
randomized trials from Europe and United states showed
opposite results® . In our study, there was no significant
difference in the incidence rate of pancreatic fistula
between postoperative prophylactic octreotide usage
group and no usage group (P = 0.347). To prove the effect
of octreotide in reducing the amount of postoperative
pancreatic fistula, more organized randomized controlled
studies are needed.

Various techniques for managing the pancreatic
remnant have been studied with the aim of reducing the
anastomotic leakage rate, including varying the site of
the jejunum for pancreaticojejunostomy (end »s side),
varying the type of anastomosis (duct-to-mucosa »s
invagination)“o’“], comparing the difference between
pancreaticogastrostomy and pancreaticojejunostomy[s’()],
use of fibrin glue"™"”" and pancreatic duct stenting"",
Unfortunately, randomized trials on these technical
measures are scarce . As a result, there is no universal
agreement on which operative technique is safer and less
prone to pancreatic leakage!'".

Because our study is not a prospective randomized
controlled study, there is potential for a beta error.
However, it could be thought as a periodic randomized
study. The operations were performed by one
surgeon who had experienced more than 500 cases of
pancreaticoduodenectomy before this study, and the
improved results are unlikely associated with a learning
curve by doing more procedures.

Although there was no significant difference between
the interrupted suture and continuous suture methods for
preventing pancreatic fistula in our study, the incidence
of major pancreatic fistula decreased significantly in the
continuous suture group (P = 0.026). Theoretically, the
continuous suture method has many advantages over
the interrupted suture method” . First of all, a more
even distribution of tension is possible in the continuous
suture between the pancreatic parenchyma and jejunumm.
Due to the coiled spring effect, the continuous suture
method provides a reduction in the likelihood of focal
tissue ischemia”” an increase in tensile strength[27], and
a reduction of the risk of pancreaticojejunal rupture. A
continuous suture provides an enhanced air and watertight
P52 As our study shows, a continuous suture reduces
anastomosis time™". A continuous suture is technically

seal
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easier

30,31 31,32] .
PO and costs less?. For continuous sutures, we

use one polypropylene (Prolene’, Ethicon, Somerville,

NJ) thread, and the thread costs 5.7 dollars. However, for
interrupted sutures, we use 16 polypropylene sutures and it
costs 86 dollars more than continuous suture.

The study of two methods for approximating the

pancreatic parenchyma to the jejunal seromuscular layer
in duct-to-mucosa pancreaticojejunostomy revealed
that the incidence of major pancreatic fistula decreased
significantly and operation time is reduced significantly
in the continuous suture group. In conclusion, the
continuous suture method is more feasible and safe to use
in performing pancreaticojejunostomy.

COMMENTS

Background

Leakage of the pancreaticojejunal anastomosis has been a major complication
after pancreaticoduodenectomy. Over the past decades, various measures
directed towards prevention of pancreatic leakage have been studied.

Research frontiers

The purpose of this study is to find better operative technique as comparing
the interrupted stitches with the continuous stitches for the outer layer of the
panceaticojejunostomy, ie. the stitches between the stump parenchyma of
the pancreas and the jejunal seromuscular layer, and other risk factors for the
incidence of pancreatic leakage.

Innovations and breakthroughs

Soft pancreatic consistency (odds ratio, 5.5; 95% confidence interval 2.3-13.1) and
CBD cancer (odds ratio, 3.7; 95% confidence interval 1.6-8.5) were predictive of
pancreatic leakage and our continuous suture method performed with significantly
decreasing major pancreatic fistula.

Applications

The study of two methods for approximating the pancreatic parenchyma to the
jejunal seromuscular layer in duct-to-mucosa pancreaticojejunostomy revealed
that the incidence of major pancreatic fistula decreased significantly and operation
time is reduced significantly in the continuous suture group. In conclusion,
the continuous suture method is more feasible and safe to use in performing
pancreaticojejunostomy.

Terminology

A pancreatic fistula was defined as the drainage of more than 30 mL of fluid with
an amylase level higher than 600 U/dL on or after postoperative week 1. Also,
three grades of fistula severity (A, B, C) were classified according to ISGPF clinical
criteria as follows: Grade A fistulas are transient, asymptomatic fistulas, with only
elevated drain amylase levels and treatments or deviations in clinical management
are not required. Grade B fistulas are symptomatic, clinically apparent fistulas
that require diagnostic evaluation and therapeutic management. Grade C fistulas
are severe, clinically significant fistulas that require major deviations in clinical
management and aggressive therapeutic interventions are unquestionably
warranted. Major pancreatic leakage was defined as the drainage of more than
200 mL of fluid or the development of an intra-abdominal abscess.

Peer review

As this was a retrospective, non-randomized study in which the continuous
suture was used after experience with 133 patients in whom an interrupted suture
technique was used, the "better" results with the continuous suturing may simply
be a learning curve.
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